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EXECUTINEUMMARY

NGAC 3DEBUBCOMMITTEE TASK

TheNational Geospatial Advisory Committee (NGAC) 3D Elevation Program (3DEP)
Subcommittee was established through the National Landslide Preparedness Act (NLPA), P.L.
116-323 The Federal Geographic Data Committee (FGDC) coordinated with the Department of
theLY 0 SNA2NR& ! YyAGSR {4l G§S& DSsatommite®antl { dzZNIIS &
appoint members.

TheNLPAdirectsthe subcommittee to assess the 3DEP program on the following topics:

o Trends and developments in the collection, dissemination, and ugeed-dimensional
(3D) elevation data

The science and technology relating to 3D elevation data

The effectiveness GDERN carrying out the activitieas described in the Act.

The need to revise or reorgani3®EP

The management, coordination, implementation, and activitie3EP

o O O ©°

The 3DEP Subcommittee is comprisédeospatial communitgxpertsfrom within the NGAC
membership and from across State and local government units, academia and research
institutions, standards development organizations, and the private sector

SUMMARY OF THE 3DEP SUBCOMMITTEE ASSESSMENT

The 3D ElevatiofProgram

Managedby the U.S. Geological Survey (USGS), in coordination with numerous partner
agencies, 3DEP provides higrality, highvalue data that is widely used by government and
business/industry to inform critical decisions made across our Nation every day thenden
elevation data, ranging from immediate safety of life, property, and environment totiemg
planning for infrastructure projects. Improving hydrologic forecasting models and-fiskd
maps with reliable elevation information has a positive intp&at preparation for natural
disasters. Understanding elevation data assists in the management of critical infrastructure,
detecting landsurface changes from natural processes, such as landslides and erosion, and
from human activities like urban growth dmprecision agriculture.

The goal of 3DEP is to acquire nationwide lidar (interferometric synthetic aperture radar (IfSAR)
in Alaska), to provide the firsgver national baseline of consistent, higdsolution topographic
elevation data, both bare earthna 3D point clouds. The first full year of mylaar 3DEP

production was initiated in 2016 to respond to growing needs for {gjgality topographic data

and a wide range of 3D representations of the Nation's natural and constructed features. The
program § based on a National Enhanced Elevation Assessment (NEEA), published in 2012, that
identified over 600 requirements for higiesolution 3D elevation data to address critical

mission needs of 34 Federal agencies, 50 States and two territories, selecakdridcTribal
governments, and privatsector and noffor-profit organizations. A mulyear, nationwide

www.fgdc.gov/ngac 1
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community partnership has been instrumental in funding 3DEP, with significant investments
coming from other Federal and ndfederal partners to augmemtSGS investments.

This report underscores significant opportunities to build upon what has already been
accomplished, notes how continuous improvement advances a promising future, and offers
recommendations which should be considered to reinforce thessses of the current

program and, where appropriate, to redesign the program to flexibly integrate and share more
data sources.

Trends and developments in the collection, dissemination, and use of 3D elevation data

As of the end of FY22, elevation data &pproximately 89.5% of thidation was available or in
progress. Operating on an annual budget of ~$36M, the program has been recognized as a
resounding success throughout the geospatial dagang communityMoreover, the program

has attracted and managepartner funding and leveraged the power of the private sector to
provide efficient data acquisition and processing services. About 65% of the cost of 3DEP has
been contributed by over 300 partners for data acquisition, the majority aEimtome from

the public sector. Nationdl, 3DEP has generated an estimated return on investment of 5:1,
with benefits estimated to be ~$690 million per annum with potential to increase to $1 billion if
fully funded for completiorwithin 8 years

Standardized and authaative 3DEP data is available free of license or restricted use through
The National Map. This democratization of data has enabkets to downloadDEP data
access it, work with it, and transform it into ggdormation to make informed decisions. Public
and private entities can apply their analytics for their own benefit. 3DEP, in a way, istatgeo
public utility. Overall, 3DEP has paved a path forlagansumer experience. Availability,
accessibility, and distribution mechanisms continue to advance vigorous data dissemination
developments.

Lidar has been the technology of choice for 3DEFARN Alaska). Over the last few decades,
gains in datecapture productivity, speed and precision have been transformative for the
broader surveying and mapping applications. Developmenastificial intelligence/machine
learning (Al/ML)electronics miniaturization, and signal processing have all contributed to
improvements in lidar. Related enabling technologies such as the Global Navigation Satellite
System (GNSS), inertial measurement units (IMUs), camera systems, data processing, and
validation methods have also had significant gains.

3DEP has advanced redey standards of which the Lidar Base &gificatiort (LBS) is the best
known- best practices, and effective governance, in ways that help optimize current
acquisition, data management and distribution. A broad commitment to standards compliance
will be essential as more information and services from a diversity of sources becaitadkzv

to address national and international needs across expanding producer and user communities.

TheSubcommittee has concluded that 3DEP has successfully advanced toward its initial goal of
full highraccuracyelevationcoverage of théNation, helping b address many of the
requirements and benefits as described in tiEAA and lateexpanded upon in th8D Nation

1 https://www.usgs.gov/ngpstandardsand-specifications/lidatbasespecificatioronline

www.fgdc.gov/ngac 2


https://www.usgs.gov/ngp-standards-and-specifications/lidar-base-specification-online

NGAC Assessment of the 3D Elevation Prograinne 2023

Elevation Requirements and Benefits Stdsferredto hereafterastha&t o5 bl G A2y { { dzR¢
includingU.S. topographic and inland, nearshpaad offshore bathymetric 3D elevation data
requirements and benefits. The 3DEP data acquisition model and its effective use have

established standard process protocols, including methods that encourage the program to
continuously adapt to technologicahd service improvements.

The management, coordination, implementation, and expanded activities of 3DEP

3DERs effectively coordinating with other sectors, includiSgte, Tribal and local
governments, regional and local agencies, NGOs, and the private sector. This coordination
results inboosting3DEP program investments, information sharisugd messaging regarding
the benefits of the program and enhancement of outcomesammunities. One factor in
ensuring the success of this coordination is haviparner organization thais knowledgeable
about the 3DEP program, who can convene multiple local and regional entities, determine their
needs and willingness to provide findal and other investments, and help the coalition to
apply for funding under the program. The comprehensive managemeaigovernance
approach already established for the program and its array of collaborative partners from
public and private sectors héeen a model for théation.

The wisdom to revis&DEHor the future

The establishment and working cooperation of the NdoRs#hdated Federal Interagency
Coordinating Committee (FIC&I)l continue to strengthen the plans for the next generation of
3DER pat of the 3D National Topography Model (3DN)Which also includes th8D

Hydrography Pragm (3DHR. The FICC would provide Federal leadership to achieve the
3DNTMobjective of a joint USGS and NOAA 3D Nation vision to provide a continuous elevation
surface from the depths of waters to the peaks of mountains.

Anenvisioned 3DEP Ecosystem concept would govern and connect elevation resources owned
and managed by multiple agencies under a single user interface, transfotineipgogram

from managing data to providing informatioim addition to authoritativeSDERJata managed

by the USGS, the 3DEPosystem would provide a standardized method of cataloging and
accessingwide variety of norauthoritative data sts, to enable fitfor-purpose dataset use.

3DEP has been and will continue to be a catalyst for growth of the lidar services and equipment
industry, includingtechnology and software tools faapturing, storingand processing lidar
data, and tools for and approachesgeneratnglidar-derived products and analytics.

3DEPSUBCOMMITTEE RECOMMENDATIONS

Overarching Recommendations
1. CANBRG FYR F2NBY2aG> GKS adzwO2YYAGGSS NBO2Y
prioritize achievement of 100% national coveragesoon as practical.

2 https://iocm.noaa.gov/planning/3DNationStudy.htrlhe study was sponsored by the National Oceanic and Atmospheric
Administration (NOAA) and the U.S. Geological Survey and was completedemi$&p2022. Questions regarding the report
should be directed to NOAA amngg-ocm.staff@noaa.gavrhe report was developed by Dewberry under contract to NOAA.
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2. Thesubcommittee recognizes that the USGS is not yet budgeted to address several of
the recommendations provided below. However, given the significant projected return
on investment discussed in this document, USGS should incorporate these
recommendations irtd its design planghenadditional fundings providedto achieve
its future vision.

In addition, the subcommittee provides the following recommendations that may help both the
planning process and the execution of the resulting programs:

Technical/Techntogy

3. USGS should collaborate with its contractors to identify elements of the validation
process that can be performed by the contractors prior to delivery to USGS validation, in
order to speed up the process and help reduce the currer24.8nonth delivey
timeline. Furthermore, USGS should encourage research on the automation of
processes such agialify control (QC) of 3D pointloud data.

4. The way work is performed and the expectations of the-asdrs are constantly
changing. USGS and@gospatiaProducts and Services Contra@&PSC) contractors
should continue their existing practice of being-igpdate on the latest technologies
and products available for lidar data collection and processing. 3DNTM managers should
remain open to new products tmeet user needs.

5. USGS should leverage new and emerging processing standards and artificial
intelligence/machine learning (AlI/ML) techniques to streamline and fuprmof 3DEP
processing, e.g., OGC ARbcesses, OGC AHDR (Environmental Data Retriey@{zC
APIDiscrete Global Grid Systems (DGGS).

6. USGS should consider participating in software development sprints to directly engage
the technology development and user communities in testing, prototyping, and
validating nexdgeneration 3DEP capabilities.

Partnerships

7. USGS shouldirther leverageThe National Map Liaison network to increase local and
regional participation by exploring opportunities for partner organizations to act as
GO2yBSYSNHEe 2N aO22NRAYI 02NRé | ONRP&aa GUKS

8. USGS hasommunicated widely and effectively on its activities and on the 3DEP
program, but the need remairfsr further education. The Federal Interagency
Coordinating Committee (FICC) and USGS should continue to apply effort to directly
relate the utility of BDER G (G2 (1S@& ylFIGA2ylf LINA2NRGASA
Infrastructure, climate resilien¢@lanning for, mitigation of and response to disasters;
and the management, distribution, and infrastructure of water.

9. The NGAC 3DEP Subcommittee understands thagr€sshasrecognized the
connectionlidar and USGS 3DEP provide for the national broadband mapping efforts. To
reduce thedigital divide, all Federal agencies involved in broadband mapping, coverage,
and the deployment of related infrastructuresuch astie Federal Communications
Commission (FCC), National Telecommunications and Information Administration

www.fgdc.gov/ngac 4
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(NTIA), and Rural Utilities Services (RUS), among otsamuld fully leverage,
participate, partner, and help to fund the 3DEP

10.While USGS has been sassful in partnership building, extensive efforts to reach out to
key industry segments such as infrastructure and transportation, agriculture, and
broadband and telecom, have not resultedsignificantfunding partnershipsUSGS
should continue to invdggate and pursugrivate sector investment approaches that
could help enable the goals of next generation 3DEP program.

Program Enhancement/Future Plans
11.USGS and partners should embrace and implement the 3DEP Ecosystem concept as

described in thiseport. That would allow for the import and integration of local
acquisitions from agencies such as State Departments of Transportation (DOTSs) with
their statewide elevation data sets. The Ecosystamld provide a central location
where users can find sogrlevel of authoritative data and share useful data that might
y2G YSSG It (GKS 059t ALISOATAOIGAZ2Yy A 06 dzi
assessments provided by data producers. Data analysis tools and code could also be
shared.

12.3DEP data storage amlissemination are extremely important, especially as change
detection from multiple collections over time becomes increasingly needed and should
be fully funded.

13.3DEP should fully document the 3DEP system architecture to identify key system
components, pocesses, standards, and data formats necessary to ensure
interoperability across partners and the broader community, and to enable more
effective and efficient 3DEP evolution.

14.3DEP should include a requirement to develop a seamlesstér digital elevation
model (DEM for derivation of hydrography from elevation data.

15.3DEP should explore workflows and processes that may yield Analysis Ready Data (ARD)
and Decision Ready Information (DRI) of value to the community based on key
indicators.

Standards
16.3DERshould explore increasing representation and resources in relestamndards

Development OrganizationSDO}psuch as those described in this report. Current levels
of shared expertise and collaboratigapport are insufficient to properly influence
standads development activities that support 3DEP operations and evolution.

Governance
17.USGS should implement the design for the next generation of 3DEP describe@i the
National Topography Model Call for Action Part 2: Next Generation 3D Elevation

Program(@ 0 KS o5b¢a RNIFOG LI FYye€0 RdzS . F2NJ Lldzof A O
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18.The Department of the Interior in coordination with the Departments of Commerce and
Homeland Security and with the support of USGS should fully implement the
governance process outlined the NLPA.

19.FICC and FGDC leadership should ensure participation from a broad range of Federal
agencies with a need for data delivered through the 3DEP program.

CONCLUDING COMMENTS

The Subcommittee has concluded through this assessment that 3DEP has successfully advanced
its initial goal of full lidar coverage of the Nation, helping to address many of the requirements

and benefits as described in the NEEA. The comprehensive manapappeoach already

established for the program and its array of partners from all national sectors has been a model
for the Nation, which will only be enhanced through the establishment of an Interagency
Coordinating Committee as directed by the NLPA.

Thete is opportunity for further, substantial improvement in 3DEP quality, efficiencies, and
capabilities to support a growing range of user negfilgen additional partner or appropriated
funding The vision for the next generation of 3DEP will build a modkvation foundation for
stronger, more resilient communities that strengthen and expand the U.S. economy, improve
environmental and ecological decistiomaking, and ensure effective and efficient
communication and transportation infrastructures.

The verysuccessful public/privatpartnershigs, established by the 3DEP and nourished by the
USGS managers, should continue, with added vigor, in the next generation

www.fgdc.gov/ngac 6
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INTRODUCTION

3DEP provideigh quality high-valuedata that is widely used byovernment and

business/industryo meet a broad range ofneeds A SR 2y (y26Ay3 Y2NB | 0
topography 3DEP datacquisition and use havgecome an industry standard as the program
continuously adapts to technological improvements. USGS neartag program with

numerous partner agencies within its existing authority.

Thegoal of 3DEP is to acquinationwidelidar® collections(IfSAR in Alask&) provide the first
ever national baseline of consistehigh-resolution topographic elevationada, both 3D point
clouds (delineating features on the surface such as trees, buildings) and bare earth (lidar
processedo remove featuresresulting in a digital elevation model multi-year 3DEP,
managed by the USGS National Geospatial Program (W&d¢nvisioned imhe 3D Elevation
Program Initiativeg A Call for Actioh(2014)to respond to growing needs for highuality
topographic data and a wide range of 3D representatioithe Nation's natural and
constructed features. The program is basedloe NEEA that identified over 600 requirements
for high-resolution 3D elevation data to address critical mission needs of 3¥Bederal
agencies, 5@ates, Tribal governments, ath privatesector organizations. A muijiear,
nationwide community partnership has been instrumental in funding 3DEP, with significant
investments coming from othdfederal and norrederal partners to augment USGS
investments.

As of the end of FY28ata for approximately 89% of the Nation isavailable oiin progress

(Figure 1)3DEP focuses on the collectiohhigh-resolution 3D elevation datdacilitatingthe
coordination, sharing, and use of this data acresderal and norrederal, publicand private

entities to produce publicly accessible data products for th®;dnd promotion of 3D

elevation data collection, dissemination, and use across all levels of government, institutions of
higher education, and the private sect@DEP products anskrvices aravailable through The
National Map® They include point clouds and DEMSs at various horizontal resolutions. All 3DEP
products are available free of charge and without use restrictions.

Given theapproximately 90%ationwide coverage alreadgvailable or in progress at the end
of FY22, the ppgram has beemnecognized as resounding succesd/ith an averageannual
budget of ~$36 millionthe program has attracted and managed partner funding hasl

3 Alaska is the exceptioithe USGS coordinatedtiwviother Federal agency partners and the State of Alaska to fund
the acquisition of the Alaska Interferometric Synthetic Aperture Radar (IfSAR) data from 2010 to 2019.

4 Sugarbaker, L.J., Constance, E.W., Heidemann, H.K., Jason, A.L., Lukas, V., SaghyaidLStoker, J.M., 2014The 3D
Elevation Program initiative i A call for action: U.S. Geological Survey Circular 13935 pp,
http://dx.doi.org/10.3133/cir1399.

53DEP By The Numbers | U.S. Geological Survey (usgsmov)isgs.gov/3eelevationprogram/3depnumbers

6 hitps://www.usgs.gov/programs/nationageospatialprogram/nationatmap

7 https://www.usgs.gov/3delevationprogram/about3dep-productsservices
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leveraged the power of the private sector to provide efficient data acquisition and processing
services. About 65% of the cost of 30&RJata acquisitiorhas been contributed by over 300
partners the majority of which are frorthe public sector3DERvas designedased on the
NEEAo producean estimated return on investment of 5:1, wiéimnualbenefits estimatecdat
~$690 million with potential to increase to $1 billlahfully fundedfor completion in 8 years

Moreover, he programhas advancedelevantstandards of which theLBS is the best known
best practices, andffectivegovernance, in ways that wilenefit future developmentsFuture
applications ofnteroperabledata, information,and service$rom a diversity of sourcesyill

- - < b
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: \ o .

| 3 L
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3DEP Baseline Data'
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As of FY22 89.5% of the Nation had 3DEP data available or in progress (shown in dark
and blue). New acauisitions nlanned for FY23. as of 13 June 2023. are shown in briaht

Figurel. Map of 3DEP data availability. Latest statsilable atwww.usgs.gov/media/images/3élevationprogramfy23-
partnerships

rely uponreliablecommitment to standards complianaehen addressingational and
international needsicrossexpanding producer and user communities.

The significance BDEP to thé\ation has drawn the attention of Congre$s.2021 the NLPA
established a 3DEP Subcommittee underf@AC.TheNGAGs aDepartment of Interor (DO)
Federal Advisory Committee, whiphovides advice and recommendations to the FGDC on
national geospatial policy issues. The 3BEBcommittee is comprised of appointed experts
from within the NGAC membership and from acr8¢ste and locajjovernnent units,

8Datafromd { D{ AYGSNYIf LI LISNE{DpS5bBf SPUzIXRNE t AP ANIzFOSa2z5a | yR / K
Elevation Program Fiscal Year 202822 Kpenditures | U.S. Geological Survey (usgs.gov)
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academiaandresearchinstitutions, standards development organizatiores)dthe private
sector(see Appendix ) ¢ KS & dzo O2 Y Ydotdic@ubadsessidntifitheA & { 2

1 Trends and developments in the collection, dissemination, and u3B @fevation data
and in science and technologslating to 3D elevation data.

1 Effectiveness of 3DEP in conducting the activities described in the Act.

1 Needto revise orreorganize 3DEP.

1 Management, coordination, implementation, and activities38fEP.

The subcommittee was directday the At to produce a report within one year of its
establishmentln response,tisreport details the findings of the assessmeastassignedbove,
andmakes severakcommendationdased on those findingd o focusts work, the
subcommitteeorganized itselfnto two work groups: a Trends and Developments Work Group
and a Program Management Work Group. Findings and recommendations from these work
groups have been consolidated to produce this firsar report.

Thisreport underscoresignificantopportunitiesto build uponwhat has already been
accomplishednoteshow continuous improvement advancapromising future, anaffers
recommendationsvhichshould be consideretb enhancethe programdesignfor improved
flexibility, efficiency, and capabilitfRecommendationsncluded in this reporaccommodate
developmentsn technologyleverage anmproved understanding of user needs, and address
emerging applications.

As the 3DEP Subcommittee conduciisdassessmentvorking group members realized that

GKS aaSaaySyd 2F aaOASyOS | yR adicdllekoytihthe 3& > NB
subcommittee taskvas embedded withinthe 4 K SNJ 4 LJSOA T e dnd & A RSY G A F
RS@St 2 LIYSy ( & dpthere/ishy sepiaptdzSefiontfod science aadhnology

However the topic iscoveredwithin the sectionghat follow.

THE NEXT GENERATIONDEP

¢2 lFaarad GKS &ddzoO02YYAUGSSQa FaaSaayvySyid 2F 4N
g2N] F2N) GKS LINPBINIYQa FdzidzZNE RANBOUA2Y > ! { D{
emerging program plan for the next generation of 3DEP. Insights from thathjphae

contributed to this report. USGS had previously presented the major components of the

emerging plan to key partners and stakeholders including the 3DEP and 3DHP Working Groups,
National Society of Professional Surveyors (NSP&YPY the NationalStates Geospatial

Information Council (NSGIC), and thé&. Geospatial Executives Organizatidf GEO)SGS is

revising the proposed plan based stakeholderfeedbackwith the goal ofreleasing a final

9 Formerly known as the Management Association for Private Photogrammetric Surveyors, MAPPS is an association of
geospatial private sector firms in the U 8ww.mapps.org

www.fgdc.gov/ngac 9
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draft documentfor a broader community review summerof 2023 with avetted and finalized
program design published Fscal Year 2024

The first generation of 3DEP provides an essential national baseline of consisterguait
data that willcontinuouslygrow in value as it is used for compariseith new data collected
over time. USGS is drawing on the 3D NaS8tudy, itsexperience with managing the 3DEP
baseline, and stakeholder feedback to design the next generatiogram.The key features of
the next generation of 3DH#INg considered at the time of this repariclude:

1 More frequent collections of higher quality nahwide topographic lidar to support
existing and new business requiremebksvelopment of a 3DEP Ecosystem to govern
and connect elevation resources owned and managed by multiple agencies under a
single user interfaceransforming from managing data teqviding information The
3DEP Ecosystem will enable direct access and use of authoritative 3DEP data managed
by USGSt will also providea standardized method of cataloging and accessing the wide
varietyattributes ofnon-authoritative data sets, to eride fit-for-purpose dataset
selection and use.

1 A plan to reassess the program desayery5 years to adjust course as needed to meet
new partner needs, make use of new technologies, and/or move to a cHaagged
refresh approach that will be researcheddadeveloped over the next several years.

1 Focused coordination and development of best practices for inland bathymetry over the
next 5 years to leverage partner investments and advance towards a more systematic
national approach.

1 An active research agendaat will provide major input into the-year assessmeras
well asevolving the direction of the program. Research topics include the 3DEP
Ecosystem/data mesh, inland bathymetry, change detection to drive program updates, a
national tiling system, new seoss, lidarimagery integration, full 3D accuracy testing,
uncertainty reporting, and more.

The proposed program desigior the next generation 3DERould meet approximately66% of
the needs documented in the 3D Nation Study, provide an estiméfegibillion in annual
benefits, and cosapproximately$259million a year if fully fundedTo meet community needs
and achieve the benefits of next generation 3DEP, advocacy shouldramg for appropriate
increases to the 3DEP budgBefer to Figure 2 for comparison between the baseline and the
next generation.

Thisimprovedprogram design isitentionallyambitiousyet similar inrelative magnitude to the
original 3DEP baseline goak&mms ofthe communitywide involvement andunding increase

it requires. It is impossible to predict the degree to which the community requirements
documented in the 3D Nation Study will Becomplishedintil the increased investment in the

next generation 3DERB wellunderstood The USGS strategy to manage this uncertainty will be

to assess the funding trajectory in year 5 to determine if adjustment is necessary and to address

www.fgdc.gov/ngac 10
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other changes to the programegign to balance and best meet evolving user needs and

investments.
3DEP Baseline Next gen 3DEP
_ _ . r: - QL1 or 012
Target Quality Level (L2 / QL5 in AK as proposad by parmners
. Topographic and
Scope Topographic data bathymetric data
5 years CONUS
8
Update frequency years 8 years AK, HI, Territories
Annual costs ~ $146M ‘Db bbb ~ $259M
Annual benefits $690M K $7.6B
Based on National Based on 3D Nation
Percent of needs met Enhanced Elevation . Elevation Requirements
Assessment -~ 4 and Benefits Study
Strat Locked on consistent o Assess every 5 years
rategy nationwide coverage : .. toleverage technology
............................. e SO s s
3DEP-specification
Deliverables g 3DEP Ecosystem

data

resources sharing

Figure2. Comparison of 3DEP baseline prog@gwal with proposed next generation 3DBE®alin terms of quality level, scope,
update frequency, cost, needs metaségy, anddeliverablesubject to change as the final program design is completed.

TRENDS AND DEVELOPMENBSBE¥DATACOLLECTIONND PROCESSING

The nationwide data collection objective has been well establishied approach to specific
collections relies upon successful proces§kdia collection begins with communication
between potential partnergas seen in Figure 8) define project scope and continues through
funding agreementghe contracting processaandthe data acquisition, data processing, and
guality assurance process that result irfinal deliverables. The extraordinary amount of
communicationand coordinatiorbetween partners built into this process has been a critical
factorin the successf the program.
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m

""I‘\ Federal, state, tribal, @ Contractors acquire CJ; USGS validates data O USGS makes 3DEP data n’@:- Users can download

local or private entities and process data & produces standard o publicly available on data or work directly
?anner on an area of 3DEP data products The National Map & via on USGS visualization
interest = services in the Cloud platforms
? USGS and/or partners i S
X1 plan the project & 5%
award a task order e ' ?
S~

R (E‘; USGS currently manages over 52.5 trillion
e &~ lidar points or ~157,500 per person in the U.S.

Figure3. 3DEP high level process / workflow, source: USGS

The3DEP governance amtoad Agency AnnouncemerBAA process® have beerremarkably
effectiveat bringing partnerships together to achievedar projects with diverse stakeholders.
Therole of the private sector in the partnership development process, specifically the
Geospatial Products and Services Contracts (Gi@8€actors,encouragegreater
understandingof and crosscuttingelationships withSate and local partnersvhile conducting
their regular businesgMore about this process is described beloWhesepartnershipshave
had a significant impact on fostering collaboratemmong stakeholders'his model public
private partnership is a beacon for all otHederal agencies and has raised the bardfargram
managementjuality and coseffectiveness.

TheNGP developetiBSas brought order and standardization to the myriad-efleral
F3SyOASaQ RIGIE | OljdAaAiAzy NBIddZANBYSyGa yR A
the data acquisition is built. LBS has been updated seven times since itputiliahtion in

2012, illustrating the USGS commitment to keeping up with rapid technological change and

evolving agency requirements. It is a model that has been referenced and applied by other

domestic and international programs.

Data Collection Technolgies

As noted above, lidar has been the technology of choice for 3DEP (IfSAR in Alaska). Over the last
few decades, the growth and development of photonics, lidad SAR have been dramatic,
producing tremendous improvements in the efficiency, speed, iprea, and accuracy of

acquired data. The resulting gains in datpture productivity have been transformative for

broader surveying and mapping applicatioAslvancenents inAl/ML, electronics

miniaturization, and signal processing have all contributedrtprovements in lidar. Related

enabling technologies such as the GNSS, IMUs, casaasar and platfornsystems, data

10 https://www.usgs.gov/3delevationprogram/3depbroad-agencyannouncemerportal
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processing, and validation methods have a@gperiencedsignificant gains. Described below
are data collection technologies that have been used amdbeingconsideredor 3DEP

T

Linearmode lidar systembave been the predominant technology for 3SDEP CONUS data
acquisition. These systeroffer effective measwement speed, very high accuracy and
precision, and the lowest falsslarm rate of the data. Lineanode lidar systems include
purposebuilt scanning mechanisms to enhance complex data capture of the built and
natural world. These systems are readily aldégrom multiple suppliers and

substantial numbers are in use throughout the world.

Geigermode lidar has a very high measurement speed and offers very high resolution
and point densities. This allows for collections over very wide areas. Thedfaiddan
precision and the high falsslarm rate of the data. The inability to determine the total
propagation of uncertainty is an undermining factor, and the scan pattern is limited due
to the instantaneous field of view.

Singlephoton lidar offers improvegrecision over Geigenode and a lower falsalarm

rate. Accuracy is similar to and measurement speed is a fraction of Guime.
Bathymetric lidar uses a blegreen wavelength of light to penetrate water. This
technology has been used for coastal anerine mapping applications. In recent years,
suppliers have introduced topobathymetric lidar sensors, capable of data collection over
both land and water. Specialist bathymetric systems, however, can penetrate water to
several tens of meters in good cotidns, so the goal is to use lidar closer to shore,
where operation of vessels equipped with midgam sonar is less safe.

IfSARwhile much lower in vertical accuracy than lidaran effective tool for data
acquisitions in challenging environments sashAlaska, due especially to its wiglea

and throughcloud data collection characteristics. In addition to interferometry to
determine range and elevation data, SAR offers both amplitude and polarimetric data,
which yield a wide range of insightful dggeoducts. Orthorectified radar images are an
easily derived, usefldyproductof the generation of elevation data.

Traditional analog lidar records only discrete echo signals and provides limited feature
parameters. Full Waveform Lidar (FWL) recordshihekscattered echo in the form of a
waveform that provides additional information. FWL is logged at very small intervals and thus
obtains more footprints, echoes, and a precise definition of the actual situation. FWL is
powerful but dataheavy withacumbdB 2 YS LINRP OS&aaAiAy3a NBIAYSo !
waveform processing hich is fast and highly accurate when sophisticated algorithms are
exploited. This digital signal processing allows high ranging accuracy, high precisien, multi
target resolution clean point clouds, and improved classification and filterige 3D Nation
Studydocumentedthat only 2% of the mission criticalctivities requireFWL fortopographic

elevation datacollection and processinglowever, vith the advent ofAIIML,ad 2 Y f A y S
LINE OS&daAy3dée LINPOYARSA (KS olaia F2NJ AYLINRYSR R

for its potential contributions.
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The 3DEMRas continually investigated range otlata-collection technologies and hyidis such

as photogrammetry and lidar combinations. Elevation data was derived photogrammetrically
for almost a century before airborne lidar became commonplace and photogrammetric
techniques have improved immensely over the decades. Many of the 3DEPrgagueh as

cities, routinely acquire imagery as well as lidar. Additionally, there are bathymetric
0§SOKy 2t 23ASa (KIG OPRrazisiRgmage drdcassinggcHnibueleverage & a A 2 y
deep learning; emerging satellite capabilities and new colagtehs provide lidar, imaging and
SAR; and uncrewed aircraft systems with powerful cameras and lidar s@measming to
maturity. The committee encourages the continuation of investigation inése and other

new tecologiesto determine if they meeprogram requirements. This should include
consideration of how combinations of technologies can be tuned for different landscapes. The
benefitsof evolving technologies may enter the program both through data acquisition
contracting and proposed Ecosystemncept.

Elevationchange data is of increasing interest dffdARs ideallysuited toprovide this
routinely. More satellite constellations, including small sats, are coming on wiitiit relevant
sensorsand processing has improved. Locallects using UAldar are another,
complementary approach to generating elevatiomange data.

Project DataContracting, AcquisitionProcessingand Timelines

TheBAAprocessmentioned aboveas theapproachused by 3DEP to soliciata acquisition
partnershipsrom the broadest possible stakeholder communi®pr the FY24 cycle, the

process will be revised and streamlined in a new structure called the 3DNTM Data Collaboration
Announcemen{DCAWwhich is planned to be released $egember, 2023 The process will be

similar to the BAALike the BAA, the DCA process will invite proposals from applicants who wish
to proposea partnershipwith 3DEP to fund lidar data acquisition and fireductionof lidar-

derived elevation products. Applicants may fund an acquisition project through the USGS GPSC,
or they may request 3DEP funds to apply towards a lidar data acquisition project where the
requesting partner useiss own contracting vehicle. FederajenciesS3ate and local

governments Tribes, academic institutions, and the private sector are eligible to submit
proposals Federal 3DEP partnerships are alswelopedin the 3DEP Working Groamd

carried out through Interagency Agreemenisnally, @rtners may also contribute 3DEP
specificationcompliantdata they have collected independentfgontributed data arguality
assessed for inclusion in the national 3DEP holdings

USGS8preferred method of data acquisition is througjie GPSCa multiple award acquisition
vehicle thatleveragedhe teams of firms on the contract for services needed to accomplish
3DEP data acquisition. The contracts include acquisition, processing, and quality assurance of
lidar and other source geographic dafdese contracts are in place and have been awarded
through a competitive proces&irms on the GPSC have been selected based on their
gualifications and performance in providing the professional services needed for 3DEP.
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The GPSC is ardefinite delivery, indefinite quantity (IDIQ) contract that heljp streamline

the contract process and speed service delivery. To ensure data quality and efficient
development of standard products and services, the USGS prefers that partners usel@@RSC w
possible and practicabpproximately85%of the total funding for 3DEP data acquisition

between 20152022 went through GPSThis contract mechanisis also offered as a service

for acquiring elevatiomr other geospatiatiata for external organizatits who are not seeking
additional fundingrom USGS

The GPSC contractors angpertsin processing raw airborne lidar data. They primarily make

use of offthe-shelf software products, which, like the lidar systems themselves, are enjoying
incremental impovements as time passes. The introduction of artificial intelligence, especially

in the form of deep learning, is increasing the productivity of-esdrs of these software tools.

CKS O2yiNIOl2NEQ O2YLISUAGADS the@pesfiseofthsia NBa i
SYLX 28SSa YR GKSANI FANYVAQ FoAfAGASE (G2 6SI @S
guality-based productive, seamless continua.

Current 3DEP project lifecycles and timelines are complexygoichllyrange froml18 to 24
months(Figured). As in any project, if various steps are not completed correctly, the process

takes longer. Contributing factors include timeaded to develop partnerships and
agreementsfFederal budget, contracting process and timelines, flying season, weather and
atmospheric conditions, data correction cycles with contractors, Hiighl notification

timelines Although most data deliveries falithin agreedto taskorder timelines of 184

months, there are situations in which 3DEP funding partners require more rapid delivery. This
forces somelates, cities, and other government entities to go outside of 3DEP to meet their

Figure4. 3DEP Data Acquisition / Project Lifecycle Ph&sesce: USGS

www.fgdc.gov/ngac 15




















































































